of toluene was heated at 100 "C in an NMR tube. The progress of the reaction was followed by NMR. After 30 h, all 6 had disappeared, and the only phoephom species gave complex signals in the pyrophosphate region (6 -10 and -21) . The dihydrophthalimide derivative 154 was identified in the solution by 'H and 13C NMR spectroscopy.
Reaction of 5,6-Oxaphosphabicyclo[2.2.2]octene Derivative 6 with Benzylamine. A solution of 0.10 g (0.29 mmol) of benzylamine in 0.75 mL of toluene was heated at 100 "C for 75 min, by which time all 6 had disappeared (31P NMR analysis) and only one phosphorus product (6 about +11) was present. On cooling, a crystalline product precipitated; it was collected by filtration and recrystallized from ethanol-ether to yield 0.075 g of 17 (66%); mp 128-130 "C dec; 631p (CDC13) +11.6. Anal. Calcd for H, 6.78; P, 7.71.
The reaction was also conducted at room temperature; after 14 days, all 6 had disappeared, and the only phosphorus product was 17, isolated in 69% yield.
X-ray Crystal Structure Analyses of 3a.H20 and 6. Crystal data: C14H24N202P2.H20 (3aH20), MI 332.32, monoclinic, a = 6.333 (1) A, b = 17.220 (3) A, c = 9.585 (1) A, 0 = 125.19 (l)", V = 854.3 A3, 2 = 2, Dcdcd = 1.292 g ~m -~, /A (Cu K a radiation, X = 1.5418 A) = 24.3 cm-'. Space group Pc(C:) or P2/c(cih) from the systematic absences h01 when 1 # 2n, with 2 = 2, an ordered structure demands the former as 3a lacks either a center or twofold axis of symmetry. Sample dimensions: 0.07 X 0.12 X 0.70 mm (sealed inside a thin-walled glass capillary to prevent loss of water of crystallization). shown to be the latter by structure solution. Sample dimensions: 0.08 X 0.30 X 0.60 mm (mounted on the end of a thin glass fiber).
Oscillation, Weissenberg, and precession photographs yielded preliminary unit-cell parameters and space group information. Intensity data hkhl for 3a.H20; khhkl for 6) were recorded on an Enraf-Nonius CAD-4 diffractometer (Cu K a radiation, incident-beam graphite monochromator; 0-28 scans, e , , = 67"). From totals of 1554 and 2941 unique forms for 3a.H20 and 6, respectively, those 1076 and 2609 with Z > 3.0a(O were retained for the structure analyses. In addition to the usual Lorentz and polarization corrections, empirical absorption corrections, based on the 4 dependence of the intensities of several reflections with x ca. 90°, were also applied to the data. Refined unit-cell paC21HzN302P*'/2H20: C, 64.28; H, 6.88; P, 7.90. Found: C, 64.18;  rameters were derived by least-squares treatment of the diffractometer setting angles for 25 reflections (39" < 8 < 65" for 3wH2O; 60" < 8 < 67" for 6) widely separated in reciprocal space.
The crystal structure of 3a.H20 was solved by the heavy-atom approach. Initial coordinates for the phosphorus atoms were derived from the three-dimensional Patterson map, and remaining non-hydrogen atom positions were obtained from a weighted F, Fourier synthesis phased by the phosphorus atoms. Full-matrix least-squares adjustment of non-hydrogen atom positional and anisotropic thermal parameters, with hydrogen atoms included at their calculated positions in the later iterations, converged to R = 0.045 (R, = 0.059).13 For 6, the crystal structure was solved by use of direct methods.16 Approximate positions for all nonhydrogen atoms were obtained from an E-map. Hydrogen atoms were located in a difference Fourier synthesis evaluated at a late stage in the analysis. Full-matrix least-squares adjustment of atomic positional and thermal (anisotropic C, N, 0, P; isotropic H) parameters converged to R = 0.045 ( R , = 0.073).13
Neutral atom scattering factors used in the structure-factor calculations were taken from ref 18. In the least-squares iterations, E:wA2[w = l/a2(IFol), A = llFol -lFcll] was minimized. All calculations were performed on a PDP11/44 computer by use of the Enraf-Nonius SDP suite of programs.
3a.H20, 103003-07-2; 3b, 96548-52-6; 3c,
Registry No.
103003-08-3; 4, 103003-10-7; 5, 103003-11-8; 6, 103003-12-9; 7, 103003-13-0; 11,92063-25-7; 12,103003-14-1; 13,103003-15-2; 14, 103003-16-3; 15, 75581-74-7; 17, 103003-17-4 Supplementary Material Available: Tables of non-hydrogen atom positional and anisotropic thermal parameters, hydrogen atom parameters, interatomic distances and angles, torsion angles, and displacements of atoms from least-squares planes for 3a.H20 and 6 (16 pages). Ordering information is given on any current masthead page.
The quassinoids are a diverse class of diterpenes that exhibit useful biological activity.' This fact, combined with their challenging structure, has made them frequent synthetic objectives. This is evidenced by the significant number of recent approaches. Grieco's elegant studies on quassinoid synthesis have led to total syntheses of quassin and castelanolide and the synthesis of a n isomer of the pentacyclic quassinoid quassitnarin. promising routes. We initially planned a Diels-Alderbased strategy in which the B ring stereochemistry was introduced by the cycloaddition of 2-carbomethoxybenzoquinone with a substituted diene.s A more direct approach which would also address problems associated with the appendage of the A ring is outlined in Scheme I. The key step involves the cycloaddition of a sterically hindered isopropylidene malonate with a substituted diene.
Isopropylidene alkylidenemalollatee have been employed as both dienes and dienopliles in the Diels-Alder reaction. Tietze has demonstrated that electron-rich alkenes undergo both intermolecular and intramolecular cycloadditions with isopropylidene alkylidenemal~nates.~ Dauben has developed an efficient synthesis of &damas-cone using the adduct of an isopropylidene malonate and piperylene.'O In order to test the feasibility of our plan, the reaction between 1 and diene 2 was studied (eq 1). reaction afforded products 3 and 4 in a 2:3 ratio in 60% yield. The two products were crystalline and readily separable. They were clearly stereoisomers as evidence by NMR and mass spectroscopy. Unambiguous assignment of the structure by NMR was complicated in that the two stereogenic centers were isolated from each other. However, a single-crystal X-ray determinationI2 showed a cis relationship between the aryl group and the acetic acid ester portion in adduct 3. Adduct 4, therefore, has the desired trans relationship. In principle, a 1:l ratio of adducts could have resulted, since both carbonyl groups activate equally. However, we anticipated that in the preferred conformation the aryl ring would be out of the plane of the alkylidenemalonate group and would interfere with the approach of the diene. This is shown in Scheme 11. This disparity should increase as the number and size of the ortho substituents increases. With adduct 4 readily available, the diacid became the next goal. Molecular models indicated that the isopropylidene malonate was fairly hindered, being flanked by both the aryl group and the acetic acid ester group. Indeed, upon treatment with excess methanolic potassium hydroxide the isopropylidene malonate moiety was not cleaved. Starting material was recovered when 4 was treated with aqueous HC1 in THF. The reaction of 4 with p-toluenesulfonic acid in boiling benzene produced several products. Since the diacid was to be converted into an axial lactone, we set out to cleave the isopropylidene malonate intramolecularly and produce the lactone directly.
This approach was successful, as depicted in eq 2. Expoxidation of the olefin with m-chloroperbenzoic acid followed by opening of the epoxide with perchloric acid produced lactone 5 in 98% yield. The absence of the converted to the lactone using formaldehyde and acid. This lactone was cleaved to a bromo ester with HBr in ethan01.l~ The benzylic bromide was then oxidized to aldehyde 7 with bis(tetrabuty1a"onium) di~hr0mate.l~ This aldehyde w.as easily transformed into 8. The DielsAlder reaction of 8 with diene 2 afforded the two adducts 9 and 10 in a 2:5 ratio in 84% yield (Scheme 111). The increased stereoselectivity presumably reflects the presence of the acetic acid ester unit in the ortho position. The chemical shifts and multiplicities were essentially identical with those in the model system compounds 3 and 4. Therefore, the structures assigned to 9 and 10 are well supported. Adduct 10 was treated with m-chloroperbenzoic acid followed by perchloric acid to generate the lactone acid which was esterified with diazomethane to produce triester 11 in 76% yield. Triester 11 was then subjected to several Dieckmann condensation conditions.15
Since the arylacetic ester moiety should be the most acidic group in 11, the formation of a single @-keto ester was expected. Surprisingly, only starting material was recovered when triester 11 was treated with sodium hydride in THF or with potassium hydride in THF. The reaction with sodium methoxide yielded only transesterification products. The rationale for the failure of 11 to cyclize to 12 is not clear. Perhaps nonbonded interactions between the lactone carbonyl and the hydrogen on the carbanion carbon are responsible (eq 4).
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The synthesis of 5 and 11 in 35% and 26% yield, respectively, represents a direct entry to the ACE ring system 
11
of quassimarin. While a suitable reaction to append the B ring has yet to be found, the overall approach is a convergent one and alternative dienophiles can be readily generated. Compound 5 may be useful for the generation of secoquassinoids, compounds that could provide valuable insight into the structural requirements for biological activity.
Experimental Section
Unless otherwise noted, materials were obtained from commercial suppliers and were used without purification. Dichloromethane was distilled from phosphorus pentoxide. Infrared spectra were determined on a Beckman IR-4250 spectrometer. Nuclear magnetic resonance spectra were determined on a Varian EM 360 60-MHz instrument and on a Nicolet 300-MHz instrument. Carbon-13 NMR spectra were determined on a JEOL FX-9OQ Fourier transform instrument. High resolution mass spectra were determined on a Kratos mass spectrometer. Elemental analyses were performed by Galbraith Laboratories, Inc. Melting points were determined on a Fischer-Johns apparatus and are uncorrected.
General Procedure for the Formation of Alkylidenemalonates. The aldehyde (1.5 equiv) and 2,2-dimethyl-1,3-dioxane4,&dione (1.0 equiv) were dissolved in benzene (0.25 M with respect to the dioxanedione) at room temperature. Piperidine (0.19 equiv) and glacial acetic acid (1.1 equiv) were added and the solution was heated at reflux, using a Dean-Stark trap to remove water. After 3 h, the Dean-Stark trap was replaced with a distillation head and the reaction was concentrated to one-thud of the original volume. After the concentrate had cooled, the product crystallized as bright yellow needles. General Procedure for the Diels-Alder Reactions. Equimolar amounts of the alkylidenemalonate and diene 2 were (d, J = 2 Hz, 1 H), 8.30 (9, 1 H); "C NMR (CDCl3) 27.57, 102.29, 160.10; IR (CH2Cl2) 3050,1720 ,1570 ,1560 ,1450 ,1240 ,1080 8: 3OO-MHZ NMR (CDC13) 1.23 (t, J = 7 Hz, 3 H), 1.80 (5, 6 dissolved in toluene (0.3 M with respect to 2) and heated for 72 h at reflux. The solution was then cooled and concentrated. The crude product was then separated by flash chromatography using 6 1 hexanes/ethyl acetate. 
